Susceptibility to multiple sclerosis (MS) has been linked to the iminunoglobulin G (Gm) markers as well as HLA-DR genes.
Introduction
Multiple sclerosis (MS)' is a multifactorial disease in which genetic and environmental factors have a major influence on disease susceptibility. The cause and pathogenesis ofMS are unclear. Immune abnormalities involving infection, autoimmunity, or a combination of both have been postulated (1) . The nature of these environmental factors, however, remains an enigma. Early viral infection (childhood or adolescent) has long been suspected, based on several "MS epidemics" (2) (3) (4) (5) (6) . To date, no virus has been definitively implicated nor has a target antigen, subject to autoimmune attack comparable to the acetylcholine receptor in myasthenia gravis (7) , been identified in MS. Genes from two major complexes, the HLA-DR region ofthe human major histocompatibility complex (MHC) and the immunoglobulin structural gene region, have been shown to control immune responses to a wide variety of antigens (8) (9) (10) (11) (12) (13) and in many cases a demonstrated or suspected autoimmune component (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . The association of HLA-DR with MS has been widely reported (28) (29) (30) , while the association ofimmunoglobulin allotype with MS has been reported only twice (19, 31) . Using conventional Gm serotyping, Pandey et al. (19) compared the frequencies of the five phenotypes generated from the three common Caucasian Gm haplotypes and found the Gm Protein typing. Plasma samples were typed for the following markers: Glm (z, a, x, f), G2m (n), G3m (g, bO, bl, b3, b5, s, t,c3,c), A2m (1, 2) and Km (1, 3), located on gamma 1, gamma 2, gamma 3, alpha 2, and kappa chains. Typing was carried out with the conventional hemagglutination inhibition technique in microtiter plates with reagents described previously (39 There are two alternative alleles to the 5.9-kb fragment, the more frequent a combination of two fragments of 4.1 and 2.3 kb, and an uncommon allele marked by fragments of 4.1 and 2.2 kb. The three alleles are inherited codominantly in a Mendelian fashion and their relative frequencies in the general population (Caucasian) are 0.380 (5.9 kb), 0.583 (4.1-2.3 kb), and 0.037 (4.1-2.2 kb) (32). The latter two were pooled in Table II as the 4.1-2.2-kb allele is about equally rare in all the populations (controls and the three patient groups). The frequencies of the various genotypes are significantly different between MS patients and controls (X2 = 13.78, df= 4, P < 0.01), and one can easily see that the significance is entirely in the comparison of MS patients to controls (X2 = 12.68, df = 2, P < 0.01). The MG patients are similar to controls (X2 = 0.06, df = 2, P > 0.50), All three populations of Table II Table IV illustrates, there is a highly nonrandom association between the serologically defined and RFLP defined gamma 3 markers (X2 = 146.04, df = 4, P 4 0.001). G3m g is strongly associated with the 5.9-kb Bst EIl fragment, while G3m b (b = bO, bl, b3, b5 in Caucasians) is highly associated with the 4. 1-kb Bst ElI fiagment. Both alleles, 4.1-2.3 and 4.1-2.2 kb, are associated with the G3mb allotype which occurs as a "long" complex ofall four G3mb subspecificities in all of the MS, MG, and Graves' disease patients as well as all the (Caucasian) controls.
Discussion
We found the strongest association with MS to be with the Ig gamma 3 genes rather than the Ig gamma 1 genes as might have been expected on the basis ofclinical observations (41) (42) (43) (44) (45) . Sev- (19, 31) . This is the first demonstration of a DNA level RFLP (mapping to the Ig gamma 3 locus) associated with this disease. Moreover, this association, significant at the genotypic level at P < 0.01 is even stronger at the level of the allele, with the gene frequencies of the 4.1 and 5.9-kb alleles differing between MS patients and controls at P < 0.001. It is interesting to note, that while our results show a comparable relative risk value (3.5) to that reported in the other studies ofPandey et al. (19) 
